Consequential life cycle assessment (CLCA) has emerged as a tool for estimating environmental impacts of changes in product systems that go beyond physical relationships accounted for in attributional LCA (ALCA). This study builds on recent efforts to use more complex economic models for policy-based CLCA. A partial market equilibrium (PME) model, called the U.S. Forest Products Module (USFPM), is combined with LCA to analyze an energy demand scenario in which wood use increases 400 million cubic meters in the United States for ethanol production. Several types of indirect economic and environmental impacts are identified and estimated using USFPM-LCA. A key finding is that if wood use for biofuels increases to high levels and mill residue is used for biofuels and replaced by natural gas for heat and power in forest products mills, then the increased greenhouse gas emissions from natural gas could offset reductions obtained by substituting biofuels for gasoline. Such high levels of biofuel demand, however, appear to have relatively low environmental impacts across related forest product sectors.
Introduction
Over the past two decades consequential life cycle assessment (CLCA) has emerged as a tool for capturing environmental impacts of changes in product systems that go beyond physical relationships accounted for in attributional, or conventional, life cycle assessment (ALCA). CLCA estimates how physical flows change as a consequence of an increase or decrease in demand for a product. ALCA provides information about the impacts of the processes used to produce (and consume and dispose of) a product, but does not consider indirect effects arising from changes in product demand (Earles and Halog 2011; Weidema 2003) .
To determine impacts outside the life cycle of a product, CLCA requires the use of economic modeling to determine the of deciding how to allocate emissions to products inside and outside the system boundaries is avoided in CLCA by expanding the system boundary to include those products and processes. Weidema and colleagues (1999) published the first systematic procedure for identifying technologies affected by a change in production of a product, forming the basis from which one common CLCA technique has developed. Using the concept of price elasticity of supply and demand, Ekvall (2000) developed a quantitative technique for estimating indirect impacts in LCA. However, Ekvall's (2000) approach used a simple two-good market model.
More recently, CLCA studies are exploring ways in which to use more complex economic models with LCA to estimate indirect impacts (see Earles and Halog 2011) . The U.S. Environmental Protection Agency (EPA), for instance, conducted the Renewable Fuel Standard 2 (RFS2) Regulatory Impact Analysis (U.S. EPA 2010b) by developing such a model. They combine an economic modeling technique known as partial market equilibrium (PME) modeling with LCA to estimate the indirect life cycle emissions associated with increased biofuels production called for in the RFS2 renewable fuel volume targets. PME models can project potential effects of policy decisions on supply, demand, price, and resulting product production for one or more economic sectors. For the RFS2 regulatory impact analysis, the EPA used two PME models: the Forest and Agricultural Sector Optimization Model (FASOM) and the Food and Agricultural Policy Research Institute, Center for Agriculture and Rural Development model (FAPRI-CARD). FASOM models U.S. forest and agricultural sectors, and FAPRI-CARD models international agricultural trade (see U.S. EPA 2010b). Since these models include hundreds of commodities and various global regions, they represent a subclass of PME models called multimarket, multiregion partial market equilibrium (MMMR-PME) models. A few studies (Dandres et al. 2010; Kloverpris et al. 2008 ; U.S. EPA 2010b) have also used computable general equilibrium (CGE) modeling, such as the Global Trade Analysis Project (Hertel et al. 2010) , to conduct policy-based CLCA.
Building on previous work, the objectives of this article are to
• specify a policy question about the impact of government incentives that would support wood-based ethanol production, which integrated economic equilibrium and LCA models can be used to investigate, • describe the integrated PME and LCA framework developed for this study, and • present results from the integrated PME and LCA model to indicate the impact of alternate policies as they result in changes in impacts on the environment.
U.S. Woody Biomass Demand and Federal Policy
In 2010 the U.S. Congress finalized the national RFS2, which includes a target to produce 21 billion gallons of advanced biofuels by 2022 (U.S. EPA 2010a). This legislation was motivated by interests in mitigating global climate change, working toward energy independence, and sustaining economic development. With respect to climate change, there is mounting evidence that greenhouse gas (GHG) emissions arising from fossil fuel combustion are impacting global climate patterns (IPCC 2007) . Beyond climate change, there is concern about further environmental and human health impacts from the release of volatile organic compounds, particulate matter, and other emissions from the production, transportation, and use of fossil fuels (U.S. EPA 2010b). Developing renewable and low-emitting sources of energy has therefore become a global research priority.
Woody biomass could be a viable feedstock for producing advanced biofuels (U.S. EPA 2010b). In fact, several sources of woody biomass currently qualify for federal renewable fuel tax credits under the Energy Independence and Security Act of 2007 (EISA 2007) . These feedstocks can include
• fuel treatment and thinning-wood removed from forests to reduce the risk of fire or to improve growing conditions; • mill residues-wood waste/by-product from the manufacturing of primary goods such as paper, wood panels, and lumber, which is typically used for on-site heat generation or sold to produce paper or composite panels; • logging residues-less valuable wood, such as tree tops and branches, typically left in the forest following timber harvest; and • pulpwood and sawlogs-higher value timber typically used to produce paper, wood panels, and lumber.
The policy problem arises from the fact that mill residue and pulpwood/sawlog feedstocks are already in demand by the forest products industry, so any policy that creates demand for them outside the industry may conflict with interests to support forest products industries (see figure 1) . Therefore, incentivizing their use for ethanol production may alter the existing market by altering the price of pulpwood/sawlogs or mill residue. Such market changes are indirect impacts associated with an increase in wood use for biofuels, and these market changes would change environmental impacts associated with producing wood and paper products.
Three indirect impacts are of concern with a policy such as EISA 2007, that supports an increase in biofuels production from wood feedstock. The first indirect impact is the change in emissions with the substitution of ethanol for gasoline. Assuming that ethanol has fewer life cycle GHG emissions associated with its production than gasoline, then a reduction in GHGs will occur. The second indirect impact is the change in emissions with the substitution of mill residues (if they are used for biofuels) by natural gas for heat and power at solid-wood product and pulp and paper mills. This substitution choice represents the only possible option and was made based on anticipated prices of mill residues with respect to other potential fuel sources (e.g., natural gas, fuel oil, coal, etc.) from the U.S. Energy Information Administration (U.S. EIA 2010a) projections. Other substitution choices, such as coal, should be examined, especially in the case of pulp and paper mills. The third indirect impact is a change in emissions due to changes in the production of solid-wood and paper products and the location of production (where production technologies can differ). As the demand for wood feedstock for biofuels increases, the production of paper, panels, lumber, and so forth, will change depending on whether the demand for wood feedstock for biofuels is complementary or competitive with the feedstock used to produce paper, panels, or lumber. Such changes in feedstock demand can also affect trade in forest products and thereby affect the amount of production in various countries. Each country has a unique set of production processes, environmental regulations, and resulting environmental impact factors.
While ALCA provides a technique for estimating environmental impacts based on physical relationships, it does not account for changes in production from price-based responses due to demand changes. PME models, on the other hand, model the market responses to demand changes but do not account for life cycle environmental impacts. As a result, an integrated PME and LCA model is needed to estimate environmental impacts that include the impact of changes in production due to changes in prices.
Past research has found that increased demand for cropbased biofuels, such as from corn and soybeans, could potentially lead to direct and indirect land-use change (Lapola et al. 2010; Plevin et al. 2010; Searchinger et al. 2008) . These studies find that land-use change may be responsible for a substantial fraction of a biofuel's life cycle GHG emissions, typically due to deforestation. The potential effect of a large increase in demand for wood-based biofuels on land-use change, however, has not been examined. Clearly such a scenario would lead to different land-use change patterns than those from crop-based biofuels. Instead of forest clearance to plant crops, wood-based biofuels may induce changes in forest composition and management practices. Unmanaged forests, for instance, may shift to more intensively managed forests or even be cleared and replaced with a forest plantation. While the GHG implications of such changes are unknown, it is unlikely that the emissions will be of the same magnitude as clearing forest for cropland. Due to insufficient data at the global scale, we do not model changes in forest composition and management associated with increased demand for wood-based biofuels. This is a limitation that should be addressed in future work.
Integrated Partial Market Equilibrium and Life Cycle Assessment Framework
The framework utilized in this study integrates an existing PME model, called the U.S. Forest Products Module (USFPM) (Ince et al. 2011 ) and existing life cycle inventory (LCI) data from the Ecoinvent (Frischknecht et al. 2007 ) and U.S. LCI (NREL 2011) databases. This integrated framework is called the USFPM-LCA (see figure 2 ). Broadly, baseline and alternative policy scenarios are formulated that use alternate projections of fuel feedstock demand. These scenarios are run using the USFPM Global Forest Products Model (USFPM-GFPM) and the two results can be compared to estimate the change in production by sector and country over time between the two scenarios. The changes in the environmental impacts associated with the changes in production are determined using LCI and life cycle impact assessment (LCIA) data.
The USFPM is a module within the GFPM. The GFPM projects production, consumption, imports, exports, and prices of forest products in response to major economic drivers for individual countries, such as gross domestic product (GDP), population, and wood energy requirements (Buongiorno et al. 2003) . GFPM projects production, consumption, trade, and prices for 14 forests products among 180 countries up to 60 years. The GFPM is a spatial partial equilibrium model with endogenously derived shifts in timber supplies and exogenously specified shifts in product demands. Spatial market equilibria are calculated across all countries linked by trade in a base year and in subsequent years over a multidecade projection period. For each time period equilibrium is computed by maximizing the global "net social payoff" (Samuelson 1952 ), while year-by-year changes are simulated using recursive programming (Day 1973 ). The primary data source for market quantity and price data used in the GFPM is United Nations Food and Agriculture Organization (FAO) online statistical database, FAOSTAT (FAO 2011) .
The USFPM adds regional and sectoral detail to the United States in the GFPM (Ince et al. 2011 ). More specifically, northern, southern, and western U.S. regions are included. Additionally, a new timber commodity structure was added for U.S. subregions, including a more complete representation of timber stumpage supply and harvest activities. The USFPM's timber commodity structure was designed to reflect the basic structure of regional U.S. forest resource and timber utilization data as reported by the U.S. Forest Service for the 2010 Resource Planning Act (RPA) assessment (Smith et al. 2009 ). The Forest Service resource data originates from national compilations of state-level forest surveys conducted by forest inventory and assessment (FIA) researchers. Table 1 shows wood supplies and end-products modeled within the USFPM-GFPM.
The second step in integrating the USFPM with LCA is to develop an LCA module that aligns with the products and regions included in the USFPM. To do this, existing LCI data are modified to represent regional variations where possible. Then the LCI data are characterized using LCIA factors from ReCiPe 2008 (Goedkoop et al. 2009 ), which aggregate the LCI quantities into midpoint categories such as global warming potential (GWP), human eco-toxicity potential, and so on.
In developing an LCA module that aligns with the products and regions included in the USFPM, existing LCI data were identified using the Ecoinvent 2.0 database (Frischknecht et al. 2007 ). However, not all products included in the USFPM match up directly with the products in the Ecoinvent database. This was especially true for paper products. Whereas the USFPM uses three broad categories of paper-type products (newsprint, printing and writing paper, and other paper and board), Ecoinvent contains more specific types of products. In the case of printing and writing paper, for instance, three types of paper from Ecoinvent were selected as representative of the broader USFPM category. These are (1) paper, wood-containing, lightweight coated (LWC); (2) paper, wood-free, uncoated; and (3) paper, wood-free, coated. The percentage market share was then used to allocate each Ecoinvent paper category as a percentage of the broader USFPM category. This was done for each region of the United States based on market share information taken from the work of Ince and colleagues (2001) . The allocation values used are listed in table 2.
Another issue is that Ecoinvent only contains data specific to a few countries, while the USFPM aims to model 180 countries and 3 U.S. subregions. As a result, it was necessary to select those LCI datasets that best matched with USFPM products. In the case of paper products, no U.S.-specific data were available. Instead, European paper production data were modified using U.S. log production data and the U.S. electrical grid mix. European data were used for all other inputs and connected processes. This is clearly a limitation and should be addressed as data become available in future studies. Notes: n/a = not applicable. * European production modified to include U.S. regional log production. * * NE-NC = northeast, northcentral U.S.; SE = southeastern U.S.; PNW = pacific northwest U.S.; SW = softwood; HW = hardwood; LWC = lightweight coated.
For the U.S. subregions, table 2 demonstrates this matching process and describes regional detail contained for each LCI dataset. LCI data were also taken from the U.S. LCI database (NREL 2011) for relevant processes not explicitly specified in the USFPM. These processes are
• electricity generation, biomass;
• electricity generation, natural gas;
• electricity generation, bituminous coal; and • ethanol, woody biomass with electricity coproduction.
The ethanol production module was modified to include U.S. timber production in the south, north, and west. The biomass electricity generation module was not, however, because it groups all unit processes into a single LCI module. As a result, regional modifications could not be made and it represents average biomass electricity generation in the United States.
SimaPro software was used to characterize each of the products tracked in the USFPM using the ReCiPe 2008 egalitarian impact factors (Goedkoop et al. 2009 ). This was done for each of the regional variations domestically. Average U.S. values were used to represent international production, since little to no LCI data exist outside of the United States and Europe. This is a limitation that should be revised as country-specific LCI data become available.
The product characterization factors developed above utilize average, instead of marginal, LCI data. According to Weidema and colleagues (1999) , marginal data are preferable when performing a consequential LCA type of study. In the context of this study, the use of marginal data in the electricity sector will likely differ from average data. Each unit of electricity demand added or reduced, for instance, would likely be the cheapest and least constrained technology, which will likely be natural gas or coal in the United States. Instead, the average U.S. grid mix is utilized. Altering Ecoinvent datasets to include marginal data was outside the scope of this analysis. Future work should explore the need for marginal versus average data in the context of this study.
Results and Discussion
This section highlights some of the results obtained using the USFPM-LCA model. Additional results can be found in the supporting information available on the Journal's Web site. Building on the policy brief, the USFPM-LCA model is used to analyze the effects of substantially increasing demand for wood-based biofuel between 2010 and 2030. More specifically, an increase of 400 million cubic meters (m 3 ) of fuel feedstock (denoted as FF in the graphs herein) demand in the United States by 2030 is examined (see the supporting information on the Web for a time line of production).
1 Approximately, it corresponds to 55% of total biomass demand (wood and nonwood) projected by Ince and colleagues (2011) . This value is meant only to test the effects of an upper bound on potential fuel feedstock demand in the United States. Of this fuel feedstock, 63% is assumed to be used for cellulosic ethanol production, with the remainder being used for electricity generation and industrial heat (based on the work of Ince and colleagues [2011] ). Such an increase in demand is assumed to be driven by federal policy incentives under the EISA 2007. This policy scenario is compared to a baseline scenario in which fuel feedstock demand increases by only 10 million m 3 with the same proportion of cellulosic production as in the 400 million m 3 scenario. Based on an average wood density of 0.71 megagrams per cubic meter (Mg/m 3 ) (U.S. ORNL 2010), a conversion efficiency of green wood chips to ethanol of 0.144 Mg ethanol/Mg green wood ), a density for ethanol of 0.79 Mg/m 3 (U.S. ORNL 2010), and a lower heating value for ethanol of 21.1 megajoules per liter (MJ/l) (U.S. ORNL 2010), the functional unit of this study is 684,878 terajoules (TJ) of future liquid transportation fuel demand. 2 The 400 million m 3 scenario assumes this demand will be met from wood-based cellulosic ethanol, while the 10 million m 3 scenario assumes this demand will be met by gasoline. The system boundary includes production processes associated with wood-based ethanol and gasoline, along with wood products that depend on wood as a raw material, which may be affected by a change in the demand for wood-based ethanol. A limitation of this study is that substitutes for these wood products, such as steel and concrete, are not included within the system boundary.
The first question addressed is: What wood sources will be used to meet additional fuel feedstock demand for ethanol production? Figure 3 shows the results obtained using the USFPM-GFPM.
Under the baseline scenario, fuel feedstock composition remains relatively constant-mostly originating from mill fuel residues, traditional fuelwood, and logging residues. Mill fuel residues are residues generated from the manufacturing of primary goods that are burned on-site for heat production. Mill fiber residues are residues generated from the manufacturing of primary goods that are conventionally used for the production of paper and composite panels. Traditional fuelwood is domestic firewood. Increasing fuel feedstock demand, however, alters fuel feedstock composition. A large amount of softwood pulpwood and logging residues are utilized for ethanol production. Additionally, some mill fiber residues, along with an ambiguous amount of mill fuel residues and traditional fuelwood are diverted toward ethanol production.
As mentioned previously, pulpwood, mill fuel residues, and mill fiber residues exist in other markets. Thus another important policy questions is: How is the production of other goods affected by additional fuel feedstock demand for ethanol production? Table 3 shows the production levels for goods included in the USFPM-GFPM. Changes in production with respect to the baseline scenario are given in parentheses.
Softwood and hardwood lumber experience a complementary effect due to the increased demand for mill fuel and fiber residues as fuel feedstock. A similar effect exists for softwood and hardwood veener and plywood, as they also produce mill fuel and fiber residues as a by-product. Since fiberboard, Notes: SW = softwood; HW = hardwood; OSB = oriented strandboard; m 3 = cubic meters.
industrial particleboard, newsprint, printing and writing paper, and other paper and paperboard depend on pulpwood and mill fiber residues as primary inputs, production is affected negatively as these inputs are diverted toward fuel feedstock production.
While the values are not shown in this study, international markets change in a direction opposite of the United States (see the supporting information on the Web). International panel and lumber production experience a decreasing trend in production, while all other sectors become more competitive as additional pressure is placed on U.S. pulpwood and fiber supply for use as fuel feedstock.
The economic effects above have environmental implications. Again, three indirect environmental impacts are examined (shown in figure 4) . The first is due to the substitution of ethanol for gasoline (denoted in figure 4 as "Gas Sub. Only").
Based on our calculations, each megajoule of wood-based cellulosic ethanol reduces GWP by about 63% (see the supporting information on the Web, Table S7 ). Assuming an average wood density of 0.71 Mg/m 3 (U.S. ORNL 2010) and a conversion effeciency of green wood chips to ethanol of 0.144 Mg ethanol/Mg green wood , then the total amount of ethanol supplied in 2030 is approximately 10.5 billion gallons. 3 The second type of indirect impacts examined occurs due to the substitution of mill fuel residue with natural gas for heat generation at existing forest product manufacturing facilities. To examine the possibility of substitution, fuel feedstock prices are compared to natural gas on an energy basis. A comparison using USFPM price projections for wood fuel feedstock and Annual Energy Outlook 2010 Reference Case (U.S. EIA 2010a) projections for natural gas prices was made (see the supporting information on the Web). From about 2012 to 2030 real average Figure 4 Indirect change in greenhouse gas emissions associated with increased wood-based ethanol production of the policy case compared to the base case (negative indicates a reduction in emissions). kg = kilograms. Gas Sub. Only = gas substitution only; MRS = mill residue substitution. CO 2 -eq: carbon dioxide equivalent. Note: CO 2 -eq is a measure for describing the climate-forcing strength of a quantity of greenhouse gases using the functionally equivalent amount of carbon dioxide as the reference.
prices of natural gas rise from about $8 to $10 per million British thermal units (MMBTU), whereas wood rises from about $6 to $8 MMBTU. Such a comparison was made for nine separate U.S. regions. The price of natural gas almost exclusively stayed above that of wood for all regions.
Two scenarios are examined that provide a range of possible impacts. The first scenario assumes that only mill fuel residues beyond the amount produced in the baseline scenario are used to produce ethanol. In 2030 about 4.9 million m 3 more mill fuel residues are produced for the EISA 2007 scenario compared with the baseline scenario. This amounts to about 10% of the total mill fuel residue supply that is assumed to be used for ethanol production. Consequently the energy equivalent amount of natural gas is assumed to replace these mill fuel residues. This substitution results in a net increase in GWP by about 11% compared with gasoline substitution only. The line labeled MRS (10%) shows this scenario.
The second, and more extreme scenario, would occur if the price of fuel feedstock per million British thermal units surpasses that of natural gas. Here it is assumed that ethanol producers will prefer harvest residues and then mill fuel residues as a fuel feedstock. Once available harvest residues are used, fuel residues are used until they are exhausted or demand for fuel feedstock is met. The outcome of this scenario is shown in the graph, labeled MRS (100%). Overall, there is a dramatic change in the GWP impacts compared to the gas substitution-only scenario. From 2020 to 2025 a 54% net increase in GWP occurs compared with the gasoline baseline scenario. The indirect impacts peak in 2025 and begin to decline again once all mill fuel residues are used and pulpwood enters as a new fuel feedstock. By 2030 the combined direct impacts from ethanol production and indirect impacts from mill fuel residue substitution lead to about a 15% increase in GWP compared with gasoline.
The final type of indirect impact results from shifts in the magnitude and location of production among all forest product sectors. These shifts in production are induced by changes in price for raw wood materials such as sawlogs, pulpwood, and residues. As discussed previously, changes in production magnitude can result from competitive or complementary relationships between a forest product (e.g., lumber or paper) and fuel feedstock. Competitive and complementary relationships lead to unique life cycle GWP impacts. Under a complementary relationship, as fuel feedstock production increases, so does the complementary good-leading to additional GWP impacts beyond. A competitive relationship, on the other hand, suggests that as fuel feedstock production increases, the competitive good decreases-leading to GWP impact reductions.
The effect of changes in the value and location of production are shown in figure 4 as "Other Sector Impacts." These impacts can also be referred to as parallel product impacts (see Delucchi 2005; Earles and Halog 2011) . Overall, the relatively low impacts from changes in the level and location of production can be understood as follows. First, the forest products tend to have a relatively low price elasticity of demand. Consequently, demand for forest products is not very sensitive to a decline or increase in price. Although raw material prices increase, the effect on demand for most goods is not dramatic. Second, the relative GHG impacts per cubic meter of wood input for most forest products compared with gasoline (which is being substituted) is low. Finally, this study does not include country-specific LCI data or LCIA factors. Doing so could result in a dampening or amplification of "other sector impacts." As country-specific LCI data become available, it can easily be included in such a framework. While country-specific LCI data are unavailable, it is possible to create a potential bias by not including such data. Table 4 shows the two most affected countries with respect to changes in GWP. Also included in the table is an index for carbon dioxide (CO 2 ) intensity of energy supply (CIESI) set to the United States. The data for calculating this index originate from the 2010 International Energy Outlook report (U.S. EIA 2010b). When this value is less than one, a country's CIESI is lower than that of the United States. When the value is greater than one, their CIESI is higher than that of the United States. If it is equal to one, then it is the same as the United States. Under both definitions, Canada's sawnwood sector is affected significantly. Moreover, their CIESI is almost one-third lower than that of the United States. This suggests that using U.S. LCI data (NREL 2011) for Canadian production likely overestimates GWP reduction potential. In contrast, China's plywood sector experiences a GWP reduction but the CIESI value is nearly one-third greater than that of the United States. In this case, the use of U.S. LCI data (NREL 2011) likely underestimates GWP reduction potential.
For life cycle impacts that occur on a smaller spatial scale, like human toxicity potential and terrestrial acidification potential, a regionalized LCIA method could provide additional resolution. An example of such an LCIA method is GLOBOX (Wegener Sleeswijk and Heijungs 2010 [PM] , etc.) are controlled during the manufacturing process using emission control devices. Depending on a country's environmental regulatory laxity, such emission control devices may not be required. As a result, emission levels may vary substantially by country depending on the product.
While the lack of country-specific LCI data should preclude any final policy conclusions, several comments can be made. Based on available data, the magnitude of parallel product impacts appears to be fairly small relative to the reduction potential from gasoline substitution. Additionally, even at the high levels of fuel feedstock demand assumed in this study, the impacts on global forest product markets and related carbon dioxide equivalent (CO 2 -eq) emissions may not be of great policy concern. Instead, the larger obstacle for meeting national GHG reduction targets may be the use of mill fuel residues as a fuel feedstock.
Conclusion
In summary, the use of an integrated PME and LCA framework was demonstrated to conduct a CLCA that estimated the broad environmental impacts of a change in forest-based policy. Such a framework permits one to account for both physical and price-induced life cycle impacts. More specifically, the USFPM-GFPM was used to project changes in production of various forest-based sectors for 180 countries and 3 U.S. regions from 2010 to 2030, then LCI/LCIA data were utilized to characterize these changes in production. The final result, called the USFPM-LCA, is a spatially, temporally, and sectorally resolved estimation of indirect environmental impacts. The USFPM-LCA is then applied to estimate the indirect life cycle impacts associated with a large increase in demand for wood-based biofuels. Impacts associated with the substitution of natural gas for mill residues for on-site heat production are identified as the source of the largest potential indirect environmental impact. A key finding is that if wood use for biofuels increases to high levels, where substantial amounts of mill residue are used for biofuels and replaced by natural gas for heat and power in forest products mills, then increased GHG emissions from natural gas could offset reductions obtained by substituting biofuels for gasoline. Such high levels of biofuel demand, however, appear to have relatively low environmental impacts across related forest product sectors.
